Ruminal, intestinal and total tract digestibility of dry matter (DM) and crude protein (CP) of leucaena (Leucaena leucocephala), Madras thorn (Pithecellobium dulce) and moringa (Moringa oleifera) fodders were measured in this study, using nylon bag and mobile bag techniques. Three cattle were fitted with permanent rumen and duodenal cannulae. Intestinal digestibility was measured using the mobile nylon bag (MNB) technique with or without incubation in a pepsin-HCl solution, and a three-step in vitro technique. The rate of ruminal disappearances of DM and CP, and the potential degradation of CP from nylon bags of both Madras thorn and moringa fodders were significantly higher than that for leucaena fodder. Potential degradation (A+B) values of CP were 45.6%, 54.2% and 52.8% for leucaena, Madras thorn and moringa fodders, respectively. Average DM and CP digestibility in the intestine and total tract for both Madras thorn and moringa fodders were significantly higher than for leucaena fodder. Average digestibility of DM and CP in the intestine and total tract measured using MNB without pepsin-HCl solution was significantly lower than with pepsin-HCl and with the three-step methods. These data suggest that the results of in vivo and in vitro methods for estimating intestinal digestibility are similar, though in all methods the incubation in a pepsin-HCl solution is necessary.
Introduction
Recently developed protein evaluation systems for ruminants require data on the degradability of feed protein in the rumen and intestine, which can be estimated by in vivo and in vitro methods. The in vivo measurement of nutrient digestion in the rumen and intestine requires that the animal be surgically prepared with cannulae in both the rumen and duodenum. With these methods, the crude protein (CP) disappearance of a large number of feedstuffs can be measured in the rumen (Ørskov & McDonald, 1979) and intestine, using the mobile nylon bag (MNB) techinque (De Boer et al., 1987) . In the development of the MNB technique in ruminants some problems have been encountered such as length of incubation in the rumen, site of bag recovery and the necessity or not of subjecting a feed to acid digestion in the abomasum before determining intestinal digestibility (Becker et al., 1996) . Variations in in vivo intestinal digestion among protein supplements have been reported (Waltz et al., 1989; Stern et al., 1997) . Obtaining estimates of protein digestion in the small intestine are expensive and labour intensive, and require the use of intestinally surgically prepared animals. Various in vitro laboratory techniques have been used to predict intestinal digestion of proteins in ruminant feed ingredients, including pepsin-HCl with the MNB method (Antoniewicz et al., 1992; Van Straalen et al., 1993) and the three-step technique (Calsamiglia & Stern, 1995) .
A potential strategy for increasing the quality and availability of feed for small ruminants in the dry season may be through the use of fodder from trees and shrubs (Preston & Leng 1987; Sanchez et al., 2006) , because supplementation with high protein and energy concentrates involves extra costs. Fodder from locally grown shrubs and trees such as moringa (Moringa oleifera), neem (Azadirachta indica) and leucaena (Leucaena leucocephala) has been tested as sources of protein supplements for ruminants (Aranachal et al., 2002; Sanchez et al., 2006; Kahindi et al., 2007; Paengkoum & Paengkoum, 2010; Paengkoum, 2010) . These fodders have proven to be effective as protein sources, with significant increases in productivity and performance of ruminants (Kahindi et al., 2007; Saha et al., 2008; Paengkoum & Paengkoum, 2010) .
The objectives of the present study were to evaluate ruminal and intestinal degradation of protein in tropical fodders; and to compare results between intestinal digestion based on the MNB technique with and without pepsin-HCl, and the three-step in vitro techniques.
Materials and Methods
Fodder from three fodder trees/shrubs, leucaena (L. leucocephala), Madras thorn (Pithecellobium dulce) and moringa (M. oleifera), were harvested: About 10 -30 cm of the growing points of the plants (about six weeks of growth) were cut and oven-dried at 60 ºC for 48 h, ground through a 2-mm screen sieve and stored pending chemical analyses, nylon bag and mobile bag studies.
Ruminal dry matter (DM) and CP digestibility of the fodder were measured using three steers (330 ± 16 kg; and 4 -5 years old), each fitted with a permanent rumen and duodenal cannulae, and kept in individual pens (3 x 5 m). The ethical treatment of the animals was approved by the Suranaree University of Technology Committee. The cattle were fed a maintenance diet (1.5% body weight) of 70% roughage and 30% supplements, the latter consisting of equal portions of leucaena, Madras thorn and moringa fodders. The daily feed was offered in two equal portions, at 08:30 and at 16:30. Drinking water was available at all times. A preliminary period lasting 14 days was followed by a seven-day experimental period.
Dry matter and CP disappearance in the rumen were determined in the cattle. Bags (6 x 12 cm) made from polyester cloth with a pore size of 45 μm (Ørskov & McDonald, 1979) were each filled with approximately 5 g of the test material. All samples were prepared in duplicates and incubated in the rumen of each animal for 2, 4, 8, 16, 24, 48 and 72 h. After the specified incubation periods, the bags were removed from the rumen, washed immediately in a washing machine for 10 min, and dried in an oven at 60 ºC for 48 h. Control bags without incubation (0 h) were washed and dried, following the same procedure as the incubated bags. The bags were weighed and tested according to the procedure described by Ørskov & McDonald (1979) .
Another set of samples (in duplicates) of the test fodders was prepared, incubated for 16 h in the rumen of the steers, and washed and dried as described above. Dried ruminal residue from the bags was used to measure intestinal disappearance of DM and CP using the mobile bag method described by De Boer et al. (1986) . About 0.5 g of the ruminal residues from each of the three protein samples was placed in mobile bags (3.5 x 5 cm) in duplicates and sealed with a heat-sealing machine. The bags were then inserted through the duodenal cannulae into the duodenums of the animals at intervals of three hours. Twelve bags were inserted in each steer per day. The mobile bags recovered from the faeces were washed and dried to estimate intestinal DM and CP disappearance.
Dried residue in the bags recovered from the rumen was used to measure intestinal disappearance, using the MNB with the pepsin-HCl method, described by Van Vuuren et al. (1989) and Van Straalen et al. (1993) . About 0.5 g of the ruminal residues from each of the protein fodders was placed in a mobile bag (in duplicate) and sealed with a heat-sealing machine. Eighteen bags per sample and per animal were incubated in pepsin-HCl to simulate the digestion in the abomasum. Prior to intestinal incubation, the bags were incubated in pepsin-HCl solution (0.1 M with pepsin 1 g/L (Sigma P-7012, Sigma) for 1, 2 or 3 h at 37 °C. The bags were then inserted into the duodenal cannulae of the same animals at intervals of three hours. A total of 18 bags were inserted in each animal. The mobile bags recovered from the faeces were washed and dried to estimate intestinal DM and CP disappearance.
The dried ruminal residue from the bags was used to measure intestinal disappearance, using a threestep technique described by Calsamiglia & Stern (1995) . The samples were weighed, each containing 15 mg of residual N, into a 50 mL centrifugation tube. Ten mL of a pH 1.9, 0.1 N HCl solution containing 1 g/L of pepsin (Sigma P-7012, Sigma) was added, vortexed, and incubated for 1 h in a 30 ºC shaker water bath.
After incubation, 0.5 mL of a 1 N NaOH solution and 13.5 mL of a pancreatin solution (0.5 M KH 2 PO 4 ) buffer standardized at pH 7.8 containing 50 mg thymol/kg and 3 g/L of pancreatin (Sigma P-7545, Sigma) were added, then vortexed and incubated at 38 ºC for 24 hr in a shaker water bath. Samples were vortexed approximately every 8 h. Immediately after incubation, 3 mL of a 100% (wt/vol) solution of trichloroacetic acid (TCA) was added to each tube to stop enzymatic action and precipitate undigested proteins. All tubes were vortexed and allow to stand for 15 min. Samples were centrifuged at 10 000 x g for 15 min and the supernatant analysed for soluble N by the Kjeldahl method (AOAC, 1980) . Pepsin-pancreatin digestion of protein was calculated as TCA-soluble N divided by quantity of sample N (bag residue) used in the assay.
The fodder samples were analysed for DM, ash and Kjeldahl-N according to AOAC (1985) . Neutral detergent fibre (NDF) and acid detergent fibre (ADF) were determined by using the method of Goering & Van Soest (1970) .
Data for ruminal and intestinal degradation of DM and CP were fitted to the exponential equation following procedure described by Ørskov & McDonald (1979) :
where P is degradation at time t (%) of incubation (h); A is the intercept of the degradation curve at time zero (%); B is the fraction of DM and CP that will be degraded when given sufficient time for digestion in the rumen (%); and c is a rate constant of disappearance of fraction B (/h). The effective degradability (ED) of DM and CP were, therefore, calculated using the following equation (Ørskov & McDonald, 1979) ;
where k is the solid outflow rate from the rumen (0.05/h). Calculation were done in this study using the NEWAY programme (Chen, 1996) and data were subjected to analysis of variance using SAS software (SAS, 1998) . The difference between treatment means was statistically compared using Duncan's New Multiple Range Test (Steel &Torries, 1980) .
Results
The chemical compositions of the Madras thorn fodder, leucaena fodder and moringa fodder are shown in Table 1 . All three protein fodders had similar concentrations of DM, organic matter (OM) and ADF but Madras thorn fodder contained more CP than leucaena and moringa fodder. Ruminal DM and CP disappearance rates of protein fodders are shown in Figure 1 . Ruminal DM and CP disappearance rates increased with rumen incubation times, and were most rapid for all fodders at 2 h to 16 h of the incubation. The DM and CP disappearance rates of both Madras thorn and moringa fodders were higher (P <0.05) than that of leucaena fodder. The loss of DM by washing (A) of both Madras thorn and moringa fodders was higher (P <0.05) than for leucaena fodder. The DM degradability of insoluble but degradable fraction B, DM potential degradation (A+B) and DM effective degradability (E) of Madras thorn and moringa fodders were significantly higher (P <0.05) than for leucaena fodder. Similar to the CP degradability of insoluble degradable fraction B, the CP potential degradation (A+B) and CP effective degradability (E) of Madras thorn and moringa fodders were significantly higher (P <0.05) than for leucaena fodder. However, DM and CP degradation rate constants (c) were not significantly (P <0.05) different between the protein fodders. Table 3 shows intestinal digestibility of DM and CP that is undegraded in the nylon bag incubated 16 h in the rumen when measured using different methods. Dry matter and CP intestinal digestibilities of both Madras thorn and moringa fodder were significantly (P <0.05) higher than for leucaena fodder. Intestinal digestibilities were within the range of 30.2% to 37.5%, and 38.1% to 44.3% for DM and CP, respectively. The DM and CP intestinal digestibility measured with the MNB without pepsin-HCl was lower (P < 0.05) than those of MNB with pepsin-HCl and the three-step techniques. However, the DM and CP intestinal digestibilities measured with the MNB with pepsin-HCl were similar (P >0.05) to the three-step method. Dry matter and CP degradation, intestinal and total tract digestibility of protein with different intestinal test methods are shown in Tables 4 and 5. In terms of ruminal DM and CP degradation, moringa fodder was higher (P <0.01) than Madras thorn fodder, which was higher (P <0.05) than leucaena fodder. Dry matter and CP of intestinal and total tract digestibility of Madras thorn fodder was higher (P <0.01) than in moringa and leucaena fodders. In addition, DM and CP of intestinal and total tract digestibilities of moringa fodder was higher (P <0.01) than in leucaena fodder. Dry matter and CP degradation, intestinal and total tract digestibility based on the MNB without pepsin-HCl were significantly lower (P <0.05) than ones based on MNB with pepsin-HCl and the three-step techniques. However, the DM and CP intestinal digestibility measured with the MNB with pepsin-HCl were similar (P >0.05) to the three-step method. 
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Discussion
That leucaena fodder has lower DM and CP rumen and intestinal degradations relative to Madras thorn and moringa fodders may be owing to its high tannin, anti-nutritional content (Barry, 1987) . In addition, Jones et al. (1994) , Hove et al. (1996) and Tolera et al. (1998) reported that ruminal DM and CP disappearances of leucaena fodder were higher than 60%, and nutrient digestibility in the intestine was also higher (Wheeler et al., 1994) . Intestinal DM and CP degradation of Madras thorn fodder was the highest, followed by moringa and leucaena fodder. Total tract DM and CP degradation of moringa fodder was highest, followed by Madras thorn and leucaena fodder, because moringa fodder had the highest degradation in the rumen. Improvements in performance may be achieved by supplementing protein fodders to ruminants. Good candidates for supplementation are Madras thorn and moringa fodders, which contain high protein and high condensed tannin concentrations, which would increase by-pass protein from the rumen to the abomasum. This result was similar to those of Reed et al. (1982) , Onwuka (1992) and Wanapat (2001) .
The intestinal degradability of DM and CP with MNB without incubation in pepsin-HCl solution was lower (P <0.05) than MNB with pepsin-HCl and the three-step in vitro methods. Differences among methods can be caused by variations in pepsin-HCl incubation and enzyme activities. With and without pepsin-HCl incubation, Voigt et al. (1985) and Van Straalen et al. (1993) observed intestinal digestibilities similar to those in the present experiment. Intestinal digestibilities of both MNB with pepsin-HCl and the three-step methods were higher (P <0.05) than those of MNB without pepsin-HCl incubation method. The AOAC (1984) approved a standardized pepsin digestion procedure for estimating total tract unavailable CP. Pepsininsoluble N was strongly correlated with total tract unavailable N in forages (Goering et al., 1972; Shelford et al., 1980) . A three-step procedure was developed by Calsamiglia & Stern (1995) to estimated intestinal digestion of protein in ruminants. The technique was developed to closely simulate physiological conditions of ruminants, yet was rapid, reliable, inexpensive, and applicable to a wide variety of protein supplements.
It was concluded that the ruminal, intestinal and total tract digestibilities of DM and CP in Madras thorn and moringa fodder were significantly higher than those of leucaena fodder. The present results suggest that the in vivo and in vitro methods for estimating intestinal digestibility were not significantly different, but both methods necessitate the use of pepsin-HCl solution.
